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INTRODUCTION

In developing packaging for the new XM898 Sense and Destroy Armor
(SADARM) projectile, the Packaging Division, U.S. Army Research, Development and
Engineering Center (ARDEC), conducted a series of transportation/rough handling
tests on two different pallet configurations. The SADARM projectile is a thin-walled
155-mm projectile which dispenses two submunitions. The two pallet configurations
tested were the (metal) field artillery projectile pallet (FAPP), P/N 12926862 and the
standard wood pallet, P/N 8837839. Both configurations had been previously tested
and certified for use with other projectiles. This report details the results of these tests.

OBJECTIVE

The testing was performed to ensure fit and function of the metal pallet with the
XM898 projectile. Due to the limitations of the test projectiles used, evaluation of the
effect of the testing is limited to fit of the projectile in the pallet and external physical
damage on the projectiles. The objective of the testing was to determine if the
SADARM projectile in its palletized configuration is afforded adequate protection
aganst external damage during its handling, transportation, and storage environ-
ments. Photographs depicting the results of the metal and wood pallet testing are in
figures 1 through 7.

DISCUSSION

Test Configuretions (figs. 8 through 12)

The FAPP configuration uses two center rods which fasten the cover to the
base, using latches located in the cover. Projectiles are placed in plastic spacers
which are fastened to the pallet base. Both the base and cover are constructed of
metal. The wood pa!.ct consists of a wood base and cover fastened together using
metal strapping. The initial FAPP design employed 14-gauge steel. However, during
testing in the original development and qualification phases, the design was changed
to 12 gauge. Since pallets constructed of 12-gauge steel were not available at the
time of testing, pallets constructed of 14 gauge were modified with additional material
to bring them up to 12 gauge. The pallets were modified the same way as those used
in the original FAPP pallet qualification testing.

The test projectiles employed were inert XM898 projectiles, each containing two
mass models. The grommet employed was P/N 9321436, the same as that used on
the M864 projectile. Due to the fact that the rotating band is closer to the end of the
XM898 projectile than other projectiles which use this grommet, an interference
resulted. The gron,nut contacted the base of both the wood and metal pallets before
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the projectile was completely seated in the pallet. This interference necessitated a
modification to the grommet. The lower tab on the grommet was removed, and the
lower loop of the grommet fastener was reformed to reduce its diameter (fig. 13). In
testing the wood pallet, the interference problem became more severe. The modified
grommet was not sufficient, and further modification to the pallet was required. Wood
plugs were designed and inserted in the openings in the base of the pallet to eliminate
further interference problems. Use of these plugs created a clearance which was
great enough to allow use of a standard unmodified grommet.

Test Procedure

The transportation/rough handling tests using the FAPP were conducted in
accordance with the test procedures outlined in the, "Test Plan for Handling, Transpor-
tation, and Storage Testing of Palletized XM898 Sense and Destroy Armor (SADARM)
1 55-mm Projectile." With the exception of the forklift impact test and the weights used
for the stacking and hoisting tests, the test sequence was repeated using the wood
pallet. Because of the limited number of wood pallets available at the time of testing
and the damage sustained by the wood pallet, the +160cF test sequence was linited
to secure vibration only.

Results

Stacking Test

Loads of 3720 lb for the metal pallet and 3400 lb for the wood pallet were
applied to the top of the palletized load for 24 hr. The loads were applied in a maner
which simulated the effect of similar pallets being stacked to a height of 16 ft on the test
pallet. The loads had no effect on either the metal or wood pallet or the projectiles.

Vibration (Secured)

The test plan called for the pallet to be securely fastened to a vibration
table and vibrated in all three axes in accordance with the wheeled, two wheel trailer,
and tracked vehicle schedules listed in MIL-STD-1904. However, due to the
limitations of the electro-dynamic vibration table, which was the only table available at
the time the metal pallet was tested, the schedule had to be modified. At the beginning
of the testing of the wood pallet, a hydraulic vibration table was available. This table
was capable of producing the full vibration schedule called for in the test plan.
However, when the wood pallet was vibrated to the full schedule it was severely
damaged. Subsequently, it was d~termined that the damage was attributed to an
improperly constructed pallet cover (fig. 14). However, it was decided to retain the
modified vibration schedule for comparison purposes. Therefore, the wood pallet was
vibrated to the modified schedule used for the meta! pallet.
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Damage sustained by the metal pallet duwing secured vibration at
ambient was limited to the spacers (P/N 12914692) and the liner covers (P/N
12926863). Some of the tabs on the spacers snapped and became loose. All of the
liner covers exhibited some degree of tearing and compression, and the lifting plugs
on the projectiles did not maintain the specified torque. Before the secured vibration at
+160 0F, four of the eight spacers in the pallet were cut at one section. This
modification was used during the original pallet qualification testing. For comparison
purposes, the four cut spacers were staggered in their placement in the pallet base.
After testing it was noted that only the tabs on the spacers which were not cut sus-
tained damage. Again, all the liner covers exhibited some degree of tearing and
compression, and the lifting plugs loosened.

Prior to secured vibration testing at -65 0F, the method of cutting and
staggering the s pacers was repeated. The damage sustained was similar to that
sustained during secured vibration at +160 0F.

The cumulative effect of the secured vibration testing on the metal pallet
was that a small (< 1/4 in.) amount of clearance was created between the portion of the
projectile lifting plug upon which the cover of the pallet rests and the cover assembly
(P/N 12914624). This occurred at each of the three temperatures, but there was no
evidence of damage to the projectiles and the function of the metal pallet was not
affected in any way.

As previously stated, the wood pallet sustained severe damage during
secured vibration in the vertical axis at ambient. This testing was done in accordance
with the schedule originally required by the test plan. No problems were encountered
during vibration in the longitudinal and transverse directions. However, while testing
in the vertical axis several of the projectiles broke through the pallet cover. In addition,
the pallet base was severely splintered.

The test was then repeated at ambient with a new pallet using the same
vibration schedule as that employed for the metal pallet. During this secured vibration
test sequence, grooves up to 1/2 in. deep were formed in each of the cutout' in the
pallet base. These grooves were formed by the bottom rim of the projectile base
assembly, which is thinner than those currently used. The rim cut into the wood of the
pallet base as the projectiles rotated. These grooves resulted in the projectiles sitting
lower in the pallet base, and contact being made between the modified grommets and
the pallet base. In one case, a grommet was forced up, severing an obturator band.
No other damage to the projectiles was noted. To eliminate this interference problem,
modification to the wood pallet was required. Wood plugs consisting of two different
diameter disks of 3/4 in. plywood were constructed (glued and nailed together). The
larger disk fits in the cutout in the pallet base and the smaller disk fits inside the bottom
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rim of the project!"a base assembly. The projectiles, therefore, rest on a solid p:ywood
surface which helps prevent a groove from being.formed. In addition, the height
provided by the larger disk eliminates the need to use a mouified grommet (figs. 16
and 16).

A new wood pallet was modified using the wood plugs and then subjec-
ted to secured vibration testing at +160 0 F. No damage was noted after testing in the
horizontal and transverse directions. However, during testing in the vertical axis one
of the projectiles broke through the holes in the pallet cover. As a result the projectile
came out of the pallet base (figs. 17 and 18). In addition to the enlarged hole in the
pallet cover, splintering and splitting of the wood around the other holes in the pallet
cover and the pallet base occurred. Two grommet wires were bent, with one of the
grommets coming open. There was no evidence of damage to the projectiles-
However, the extent of damage sustained by the pallet prevented the +160'T test
sequence from continuing. Upon further inspection it was noted that the wood covers
of the test pallets were improperly constructed. On the underside of the plywood there
were counterbores up to approximately 1/8 in. deep. These counterbores are not in
accordance with the wood pallet drawing. The resulting weakening of the plywood
appears to have been the cause of the pallet failure during the initial secured vibration
testing at ambient and the sec.ured vibration testing at +160'F. Due to a shortage of
available pallets and the questionable manufacture of those available, the +160"F test
sequence was not concluded.

Prior to the cold (-650F) testing sequence the cover for the new wood
pallet was modified. The plywood top, as previously stated, was not manufactured
properly in accordance with drawing 8837839 and was removed. It was replaced with
a properly machined plywood top. Newly constructed wood plugs were used in the
pallet base.

During secured vibration testing at -65 0F, the bottom rims of the projec-
tiles again cut into the base of the wood pallet. However, the depths of the grooves
were only about 1/8 in., and there remained substantial clearance (approximately 1/2
in.) between the grommets and the pallet base. The other damage sustained by the
wood pallet was in the cover. One lifting plug hole was elongated and another
splintered in the area of the chamfer. At the completion of secured vibration at -650F,
there was no evidence of damage to the projectiles, and they remained consolidated
in the wood pallet.
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Loose Cargo

As described in MIL-STD-1904, each pallet was placed on a loose cargo
machine and vibrated at a freqjency of 5 Hz with the vibratory surface having a
displacement of 1 in. double amplitude. However, because of problems encountered
with the table in attempting to employ vertical circular synchronous motion, vertical
linear motion used. The speed was such that it provided a minimum of 3 16 in.
clearance between the bottom of the pailet and the table surface at 276 rpm.

The damage sustained by the metal pallet during loose cargo testing at
ambient and at +160 0 F was similar to that produced by the secured vibration test~ng.
Again, there was no evidence of damage to the projectiles and the function of the
metal pallet was not affected in any way (fig. 19).

The metal pallet experienced considerable damage during loose cargo
testing at -650F. All of the cover liners were severely damaged, and the spacers
shattered. In addition, the destruction of the spacers caused the projectiles to drop
and there was contact between the pallet base and the four outer grommets. All four of
these grommets displayed wear from the contact with the pallet. In one instance, the
contact forced the grommet up slightly, severing the obturator band (fig. 20). Despite
the damage to the pallet, however, the projectiles remained consolidated within the
pallet and testing was able to continue (fig. 21).

The wood pallet was subjected to the loose cargo test at ambient and
-65 0F. The pallets sustained no additional damage as a result of loose cargo testing,
and there was no evidence of damage to the projectiles.

Edgewise Drop

One end of the pallet was placed on a block 5 in. high and the opposite
end was raised to a height of 12 in.; then dropped., this was performed twice, once on
each end of the pallet.

At all three temperatures the metal pallet sustained minor abrasion of
metal and paint as a result of the edgewise drops. There was no effect on the function
of the pallet. There was no evidence of damage to the projectiles.

At ambient, the wood pallet sustained only minor splintering as a result of
the edgewise drops. At -65°F the cover sustained slight separation of the plywood
layers in the area where the edge of the cover struck the ground. There was no
evidence of damage to the projectiles as a result of the edgewise drop jest.
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Cornerwise Drop

One corner of the pallet was placed on a block 5 in. high. The other
corner of the same end of the pallet was placed on a block 12 in. high. The opposite
end of the pallet was raised to a height of 12 in.; then droppea. This was performed
twice, on diagonally opposite corners of the pallet.

At all three temperatures, the metal pallet sustained minor abrasion of
metal and paint as a result of the edgewise drops. There was no effect on the function
of the pallet. There was no evidence of damage to the projectile.

At ambient, the wood pallet sustained only minor splintering as a result of
the cornerwise drops. During the first cornerwise drop at -65°F, the plywood
separation which occurred during the edgewise drop became more severe. Whiie the
pallet was being hoisted upright in prr-aration for the second cornerwise drop at
-651F, one of the lifting plugs, which still secure to the projectile, broke through tfhe
pallet cover. The hole which the lifting plug broke through was the one which was
elongated during secured vibration near one of the areas which had sustained
separation of the plywood layers. As a result of this damage, testing co,:!d not
continue (fig. 22). Therefore, the pallet cover was removed and replaced with the
cover which had gone through the entire test sequence at ambient. During the second
cornerwise drop, however, the projectile at the corner on which the pallet was being
dropped again broke through the cover. In this instance, the base of the projectile
dislodged from the base of the pallet (fig. 23). The cause of failure again appeared to
be separation of the layers of wood in the plywood cover piece. D.,'te the cover
failures, the only damage suctained by the item (grommet) was that the plastic tabs
which hold the wire vere broken oif when the projectile came out of the paet.
However, the grommet remained in place. Aside from moderate splintering of the
pallet base and the wood plug for the projectile which became dislodged, there was
no evidence of damage to the projectiles. Following the second cornerwise drop, the
cover of the pallet was again replaced so that testing could continue.

Rollover

The pallet was tipped so that it fell onto its side. The base was then lifted
so that the pallet was inverted. The pallet was then tipped so that it fell onto its' other
side.

At all three temperatures, the metal pallet sustained minor abrasion of
metal and paint as a result of the rollover test. There was no effect on the function of
the pallet. There was no evidence of damage to the projectiles.
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The wood pallet sustained only minor splintering of the base and cover

as a result of the rollover test. There was no evidence of damage to the projectiles (fig.
24).

Pendulum Impact

The pallet was suspended by chains as it rested against a solid wood
barrier. The pallet was then pulled back until the center of gravity of the patlet was
raised 20.5 in., then released. allowing the pallet to impact aga;nst the barrier.

At all three temperatures, the metal pallet sustained minor abrasion of

metal and paint as a result of the pendulum impact test. There was no effect on the
function of the pallet. There was no evidence of damage to the projectiles.

The wood pallet sustained only minor splintering of the base and cover

as a result of the pendulum impact test which was performed at ambient and -65 F.

Hoisting Test

The loaded pallet was additionally loaded to three times it s gross weight

and then lifted off the ground for a period of 2 min. The test was perforned at ambient
only.

There was no effect on either the metal or wood pallet, or the projectiles

as a result of the hoisting test.

Sudden Lift Test

The paliet was suspended by two diagonally opposite projectile lifting

plugs and then allowed to free fall 4 in. and brought to an abrupt stop. This test was

performed at ambient only.

The metal pallet sustained minor bulging of the pallet cover around the

hole for the one lifting plug to which the support chain was hooked. There was no

effect on the function of the pallet. There was no evidence of damage to the projectiles
(fig. 25).

Because of the problems encountered with tie covers for the wood
pallet, and the fact that it is a test of the cover, the sudden lift test was not performed on

the wood pallet. However, th•is test has been conducted in other projectile pallet
qualification tests and successfully passed.
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Forklift Impact Test

The loaded pallet was placed lengthwise against a cinderblock wall. A
forklft was then run into the pallet twice at a normal approach speed (approximately 1
mi.nr). The test was performed twice, once with the forklift tines tilted fully back and
once with the tines horizontal. Each time the ends of the tines were approximately i5

on. aove the ground in order to impact the projectiles in their most vulnerable section.
The purpose of this test was to simulate mishaps which may occur during the lifting
and or stacking of a loaded pallet. This test was performed only at ambient and only
W;ti the metal pallet.

The first impac, by the forklift (tines fully rearward) on the pallet resulted
;n two small dings, one in each of two projectiles; one on projectile 1151 and one on
projectie 1108. During the second impact, the forklift tines struck the pallet at a slight
angle. As a result, most of the force was transmitted through one forklift tine. The
same two projectiles were again dented. The projectile which was subjected to the
greater impact, 1108, sustained the deepest dent. This dent was measured as
approximately 0.008 in. deep. This projectile was then sent to the Nuclear Systems
and Stockpile Reliability Division for inspection. The projectile diameter was
measured at several points along the projectile body. The projectiles was also
ga-geo The results showed projectile diameter remained within tolerance, and the
projec!tle successfully passed through the gauge. Based on these inspection results,
the SADARM office, Precision Munitions Division determined that the projectiles had
successfully passed the forklift impact test. As a precaution, the Precision Munitions
Division recommended that both damaged proiectiles be test fired upon completion of
the packaging tests.

CONCLUSIONS

Metal Pallet

The sense and destroy armor (SADARM) projectiles remained consolidated in
the metal pallet, and the pallet remained functional during the entire tes' sequence at
each temperature. The only instance of projectile damage occurred during loose
cargo testing at -65 F. The damage, a broken obturator band, is not considered a
critical failure since it can be easily replaced. The tailure was not deemed critical by
the Precision Munitions Division of ARDEC, and it occurred during the most severe
environmental test, and environment to which the pallet is not likely to be subjected.
Therefore, the damage incurred was not sufficient to warrant a costly program
invo!ving modification to and retesting of the metal pallet for use with the projectile. In
addition, the performance of the metal pallet was superior to that of the wood pallet. In
light of this, l-- metal pallet was approved for use with and designated as the desired
configuration for the SADARM projectile.
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Wood Pallet

The first test sequence (ambient) proved that some modification, in addition to
the modified grommet, was required for the wood pallet to be used with the SADARM
projectile. In subsequent testing, this modification, the use of wood plugs, maintained
its' integrity and performed its function in preventing the grommet from contacting the
pallet base.

There were two instances (secured vibration at +160°F and second cornerwise
drop at -65°F) where a projectile broke loose from the pallet, although the only
damage sustained was a broken obturator band (secured vibration at ambient).
However, none of this damage was attributed to the use of the wood plugs. Most of it
can be attributed to improper manufacture of and/or inferior materials used for the
pallet covers. In addition, since the wood pallet is already a qualified packaging
configuration, the purpose of the testing was not to ensure performance of the pallet
but only fit and function of the SADARM projectile within the wood pallet. Based on the
test objectives, although the failure of the pallet covers may require further study, it
does not affect the evaluation of the test results. The wood pallet is, therefore,
approved as an alternate to the metal pallet as packaging for the XM898 SADARM
projectile.

Modified Grommet

Further testing is required on the modified grommet before it can be approved
for use on the XM898 projectile outside the pallet. However, the modified grommet
functioned successfully during pallet testing and is, therefore, approved for use in the
palletized configuration using both the metal and wood pallets.
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Cover

Base

Figure 1. Metal pallet after testing (ambient)
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Cover

Base

Figure 2. Metal pallet base after testing (160T)
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Figure 3. Metal pallet base after testing (-65"F)
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Figure 4. Metal pallet cover after testing (-65TF)

Figure 5. Metal pallet after testing (-650F)
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Ambient

-650,F

Figure 6. Wood pallet after testing
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Ambient

-65TF

Figure 7. Wood pallet base after testing
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Fiqure 13. Modified grommet

41

Figure 14. Wood pallet cover piece, improper manufacture
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Fýqure 15. Wood pallet
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Figure 16 Wood pallet base modified wth disks
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Figure 17. Wood pallet cover secured vibration test (+160"F)
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Figure 18, Wood pallet secUred vibration test (+160F)
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Ambient

+ 1 6OU

Figure 19. Metal pallet after loose cargo test
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Figure 20. Broken obturator band after pallet testing (-65'F)
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Figure 21. Metal pallet after loose cargo test (-65'F)
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Figure 21. (cont)
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Figure 22. Wood pallet cover after 1 st cornerwise drop (-65°F)
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II

Figure 23. Wood pallet after 2nd cornerwise drop (-65",F)
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Figure 24. Wood pallet cover after rollover (ambient)

Figure 25. Metal pallet cover after sudden lift test
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